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TECHNICAL NOTE NO. 1177

WIND-TUNNEL INVESTIGATIONS ON A CHANGED MUSTANG

PROFTLE WITH NOSE FLAP

FORCE AND PRESSURE-DISTRIBUTION MEASUREMENTS ™
By W. Kriger
Abgtract: Measurements are described which were taken in the large
wind tummel of the AVA on a rectangular wing "Mustang 2"
with nose flap of a chord of 10 percent. Besides force
meagurements the results of pressure-distribution measure~
ments are given and compared with those on the same pro-
file "without" nose flap.
Outline: I. Introduction
IT. Model swecifications and test arrangsment
III. Definitions and evaluwation
IV. Test results

V. Summery

VI. References
I. INTRODUCTION

It is known from earlier investigations on wings with nose
flap (1 to-3) that the maximum 1ift can be considerably increased
by use of a nose flap as Tar as profiles are concerned where the
point of turbulent separation is located closely behind the profile
nose. It has already been pointed out (2) that the cg increasing

effect of the nose flap is the larger the more pointed the profile

*"W&ndkanaluntersuchungen an einem abgeanderten Mustang-
Profil mit Nasenklappe. XKraft- und Druckverteilungsmessungen."
Zentrale fur wissenschaftliches Berichitswesen der Luftfahrtforschung
des Generalluftzeugmeisters (ZWB) Berlin-Adlershof, Untersuchungen
und Mitteilungen Nr. 3153, Gottingen, September 22, 194k.
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vsed, that is, the smaller the nose rediuvs index (Esl%ﬁ. For

/1
instance a measurement on a profile with stenderd NACA nose radius
showed no improvement in cq .. by the nose flap (4) whereas c
of e trapezoid wing with a profile similar to a Mustang profille
could be increased by the amount of 0.1 by means of a nose of

5-percent chord 7gtio (5). For a laminar profile {2) with the ncse
P/l

(a/2)°

wag about 0.7,

radius index = 0,21 the largest increase in Cerax measured

For the application of the nose flep for prevention of stall
in trapezold wings a Cay, _-increase of 0.Z to 0.3 would, circum-
stances permitting, be sufficient because here, the point is only
to increase slightly ths local ¢ i

& ghtls i Copny and &(Cp,,. ) 1N the
endangered part of the wing.

The firm Blohm and Voss Flugzeughau suggested an investigation
on a Mustang profile to determine whether it is possible to obtain
such improvements necessary for the prevention of stall by means
of a nose flap. The present report contains the results of this
tegt. The measursment could be extended so that also pressure-
distribution measurements over nose flap chord and profile chord
were carried ont. These measurements give information ebout the -
changes caused by the flap in the form of the pressure distribution
and about “the loads for the flep which are to be exvected.

IT. MODEL SPECIFICATIONS AND TEST ARRANGEMENT

The measurements wers carried out in the large wind tunnel of
the AVA (K VI), nozzle 5 X k.5 meters (elllptic cross section

Fy = 17.6 m?). Tor the test a wing was at disposal which had been

investigated before with and without reer split rlap (6). It had
then been desipgnated “Mustang 2".
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The following specifications concern 1'bs form and magnitude:

Span

Maximm span
Cherd.

Wing contour

Wing area of reference

Aspect ratio

'b'

A

b =
1 = 0.6 m
Rectangular
F =

E

3 O m (measured without wing
tips)

3 083 m (mth 'wing ’olps)

1.846 12 (measured with wing

tips)

The profile Mustang 2 is distinguished from the "Mustang"
original profii?a mainly by a differently formed mean camber line

which reduces the diving moment.

The bagic trains of thoughts with

regpsct to the design of this profile were thoroughly discussed in
the report already mentioned on the first measurements (6).

The form of the profile can be seen in figure 1.
profile data are given here once more and are compared with Mustang

originals
Mustang 2 Mustang original
Thickness ratio (d/1) 0.136 0.136
Camber ratio (£/1) .020 .016
Percent thickness (Xd /Z) .390 .390
Percent camber (xf /’L) .25 .50
Nose radius index | — 625 STT-
(a/2)% )
Trailing edge angle (T) 7.6°

50

The essential
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The wing tips were designed in the form which had proved
favorable according to investigations of the AVA (7). (From the
profile nose to the maximum thickness circwlar arc, from there to
the trailing-edge elliptic arc with meximum profile thickness as
major axis of the ellipse.)

The pressure-distribution test section was as usual at a
1]
distance of 0.2 m = 0.133 LM from the symmetry plane of the wing
2
in order to avoid disturbing influences of the moment arm,

The split flap uged had a chord of 0.21 and wvas deflected
by 60° with Tespect to the profile tangent at x/1 = 0.8. No
measurement was made of the pressure distribution on the split
flap since this distribution is practically independent of the
profile form and could, therefore, relizbly be supplemented by
means of exlsting measurements taken on other profiles,

Nose Tlaps of a chord ratio ZN/Z = 0,05 and 0,10 were

————m e

investigated. The nose flap angle 7y and the curvature B at

theAleading edge of the nose flap could be changed arbitrarily in
order to find the optimum conditlon,

The investigations were limited to measurement of 1ift, drag,
and longltudinal moment for verious wing conditions and to measure-
‘ment of the presswre distribution.

ITIT. DEFINITIONS AND EVALUATION

The designations can be seen in figure 1. The sign and the
definitions of the force and moment coefficients correspond to the
form DIN L 100, All coefficients are referred to the area (including
the wing tips) or to the chord of the smooth profile. The axis of
reference for the longitudinal moment is the cross axis lying at l/hl.
To the test results, corrections were applied to obtain results for
the infinite extent of the fluid and infinite aspect ratic in the
customary manner., The evaluation of the pressure-distribution
measurement gave the comnection between normal force and angle of
attack for the case of plane flow ("plane” in good approximation!).
The effectlive angle of attack at the location of the pressure test
section was calculated from the differcnco between the geometrical

and the induced angle of attack «; at this point (compare (6)).

The pressure-distribution measurement simwltancously yields the
normal-force coefficient of the nose flap, This coefficient is
referred to the chord of the nosec flap 1N.
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IV. TEST RESULTS

The Reynolds num'ber for the force measurements was Re= 2. 1l'r b 106,
for the presswe-distributior measuremsents Re = 1. 3 % J_O6 The

results are represented in the f‘igures 2 to 10. Following several
comments eve given' , : -

+ 1. -Obtained Effect of the Nose.Flal)

Figure = shows that, for ‘the most mvorablo nese~flap angle,
a... ©f the smooth profile can be increased by 0.3 and

(for cazﬁax)’ by 50 by means of a noso f,.u:,p of tO-percent chord ratio.

The effect is smaller for the wing with split flap. Here the camax-

increase amounts for the most faverahlo case to 0.15. By means of
a flap of B~percent chmjd rotio the Camax of the 'ﬂnooth profile
can be iIncreased no longer; the mazimum 1ift even decreases slightly.
According to thess results the aseumption may seem permissible that

C

-1t 1s possidle by means of a flap of about T-percont chord ratio

Just to reach ths ﬂamay of the gmooth profile, yebd to retain the

advantago of the flatness of the cﬁma‘c—curve of the flap of S-percent

chord ratio. Tigura 3 represonts the dependence of the AN -

obtained by the nose flap on the nose-flap angle. The optimwl angle
ig smaller for the wing with rear split flap than without split flap.

In figure 7 the courses of the curves . cy(a) - resulting from
force and pressure-~distribution measurements are comparecd. The
rather bad agreement is probably caused by the fact that the cal-
culation for determining the induced angle of attack at the loca-
tion of the section of pressure messurement was performed in first
approximation with tho mean. de, lda, of the smooth profile whereas,

more accurately, the dcg /dcrvoo o:c the noso-~fle ap profile for the
angle of attack considered at the time ought teo be inserted.

2. Pressurc Distribution for Deflocted Nose Flap

Figures 4 and 5 show the pressure distribution for various
angles of attack for the nose-flap wing without and with split
flap. A compariscn of the prossure distribubion without and with
nose flap is made in figurc 6. - One can recognize the raduction of
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the negative pressure peak at the profile nose caused by the nose
flap for maximum 1ift of the profile. Figure 8 makes these rela-
tions even more clear. For instance for the wing with split flap,
without nose flep, the maximm negative pressure for cp . = 2.45

reaches the value p/q = -15.4. For larger cp . (2.65) the

maximum negative pressure is reduced to p/q = =7.9 by the nose
flap. Thus the pressure ircrease in the flow immediately behind
the profile nose is congiderably reduced by the nose flap. The
reason for this slight degree of improvement of the maximum 1ift
coefficient obtainable probably is that for this profile the point
of turbulent separation travels with increasing angle of attack from’
the trailing edge to the front whereas for profiles with very
pointed nose, if the critical angle of attack is exceeded the
turbulent separation takes place shortly behind the steep pressure
increase behind the profile nose. A reduction of the negatlve
pressure peak at the nose by & nose flap must, therefore, have a
much more favcrable effect with respect to Camex for pointed

profiles. Since the nose-radius index of the Mustang original

profile is by about O percent smaller than the one of the investi-
gated changed profile, it is to be expected that the effectiveness
of the nose flap will be somewhat greater for the original profile.

3. Bffect of the Curvature of the Leading Edge of the Nose Flap

Systematic investigations on a laminar wing with nose flap (2)
had brought the result that the lift-increasing effcct of the flap
can be improved within certain limits by lncreased curvaturec (8) of
the leading edge of the flap. On the other hand, no improvsoment
could be obtained, in the present test, by incrcase of the rounding
off from B/ZN = 0.167 %o S/ZN = 0.33k. The relating test rosults

are not indicated in the curves.

L. Effect of Disturbances at the Flap-Wing Transition

In the measurcments a amall groove was located at the transition
from tho nose flap to the wing, the depth and width of whilch was
about 0.5 percent of the wing chord. A comparative mcasurcment for
which the transition was smoothed out with clay did not yield any
noticeable improvement of the maximum 1lift. The influence of dis-
conbtinuities of this order of magmitude is, therefore, negligible
for this profiloc.

However, if,due to leaking ut the transition,alr can flow
through the slot from the flap pressurc side to the suction side,
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the Acamax of the nose flap will be reduced to about 70 to

3' 50 percent for the present case.  In the measurement represented
; in the flgures, clay was madé to cover the groove- between noss flap
and wing so that no air could flow through.

9. Load of the Nose Flap

. The pressure distribution along the nose-flap chord for the
most favorable flap angle is plotted in figures 9 and 10 for the
nose-flap wing with and without split flap. For the larger angles
of attack of the wing the entire pressure side of the nose flap is
loaded with about the full stagnation pressure. The normal-force

N

coefficient of the flap ('nK = --—IF-— reachss a maximum value of
by
about 3.7.
V. SUMMARY

The effect cf a nose flap was investigated by force and
pressure-distribution measurements on a profile very: similar to
the Mustang profile. The purpose of the test was to determine,
whether an increase of the ok and oc on this profile

Jlfk

can be obtalned by means of nose flaps which would. be sufficient
to improve the stalling behaviour of trapezoid wings.

RESULTS

1. The Camax of the smooth profile was 1.13 (Re = 2.lhx106)~

& nose flap of 1lO-percent chord ratio it wac increased to 1.43.

(Ac = 0. 3) o, for cama was thereby Increased by 5°. The

.

flap appears suitable for use for prevention of stall.
2. The cp . Of the eplit-flap wing (2 =
was increased by the same nose flap by only Aca = 0.15.

3. The minimum nose-flap chord ratio Iy /7, necessary is
according to the measurements about 7 percent. For smaller chord
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ratio ¢, decreases as compared with the ¢, . of the smooth
nax max ~
wing; the higher part of the ‘cémax-curve, however, is here also

very flat.

L. The maximum negative pressure occurring at the profile

nose for maximum 1ift is very considerably reduced by the nose flap.

5. The normal-force coefficient of the flap referred to
stagnation pressure and nose-flap area reaches the maximum value

Oy = 37

6. The transition from the nose flap to the wing must be air-
tight. A weak flow through the slot from the pressure side of the
flap to the suctlion side would reduce the effect considerably.

7. For the "Mustang" original. profile a slight improvement
of the nose-flap effect is to be expected because its nose radius

1 .
index p/ is by about 8 percent smaller than the one of the

(a/1)°
investigated changed Mustang profile.

Translation by Mary L. Mshler
Wational Advisory Committee
for Aeronautics

. |
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Figure 1.- The investigated profile.
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Figure 2.- Influence of the nose flap on the aerodynamic coefficients of the profile with and without
split flap., Valid for the most favourable nose flap angle nN- The nose flap camber is selected

so that it coincides for the retracted condition with the pressure side contour of the smooth
profile.
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N (@] Without split flap
@ With split flap

—O0—

01—

50° / 100° 150°

-02

Figure 3.- Increase of the maximum lift coefficient by the effect of the nose
flap as a function of the angle of extension M. Valid for: ZN/ ! = 0.1,

6/LN = 0.167.
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Figure 5.- Pressure distribution along the profile chord for the wing with
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Figure 7.- Normal force co-

efficient as a function of the
angle of attack. Wing with
nose flap LN/L = 0.1,

G/LN = 0.167. Comparison

between force and pressure
distribution measurement.

Figure 8.- Negative pressure

peak at the nose of the pro-
file as a function of the
normal force coefficient
(from pressure distribution
measurement).
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